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KETHOD OF TREATING TUMOR CELLS 
BY INHIBITING GROWTH FACTOR RECEPTOR FUNCTION 

Fltld of the Invtntlftn 

5 This Invention is In the fields of immunology and cancer 

diagnosis and therapy. Mora particularly It concarn* tibodies 
specifically binding growth factor racaptors, hybri domes that 
produca these antibodies, immunochemicals made from tha antibodies, 
and d_ agnostic methods that usa tha antlbodiaa. Tha invent 1^* also 
10 relates to tha uaa of tha antibodies alone or In combination with 

cytotoxic factor (a) in therapsutic methods. Also encompassed by 
tha invention is an aaaay for tyrosine kinases that are involved In 
tumor igenes is. 

13 Background of the Inventing 

Macrophages are one of the effector cell types that play an 
important role in immunosurveil lance against neoplastic grovth In 
Ylyc;. In iitxfi, cell-mediated cytotoxicity requires selective 
binding between activated macrophages and target cells as well as 
20 tha concomitant release of cytotoxic factors. Soma of the 

cytotoxic factors secreted by activated macrophages Include 
reactive oxygen species such as the superoxide anion and hydrogen 
peroxide, arginase, Interleukln 1, and tumor necrosis factor-a 
(TNF-a) . Acquired resistance to the toxic effects of these factors 
by tumor calls could be one mechanism which leads to the onset and 
spread of tumor formation in vivo . 



25 



30 



The observation that TNF-a can act as a potent effector of the 
macrophage -mediated antitumor response provides a rationale for its 
use In further studies on the regulation of tumorlgenesis In vivo 
and tumor cell growth in vitro. The genes encoding TNF-a and TNF- 
fi t a structurally related cytotoxic protein formerly known as 
lyapho toxin, have been cloned and the correaponding proteins 
xpressed in Escherichia coll. These proteins display an array of 
35 biological activities, including induction of hemorrhagic necrosis 
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of Math A sarcomas in vivo . Inhibition of the growth of certain 
tumor cells in vitro , synergistic enhancement of the In vitro 
antlcellular effects of I FN- 7, activation of human polymor- 
phonuclear neutrophil functions, and inhibition of lipid 
5 biosynthesis. Recently, rttuTNF-a was ahovn to augment tha growth 

- of normal diploid fibroblast* In vitro . Tha Uivergent 

proliferative response a in tha presence of rttuTNF-a are sometimes 
related to variations in THF binding. 

10 Growth factors and their receptors are involved in the 

regulation of cell proliferation and they also appear to play a key 
role in oncogenesis. Of the known proto -oncogenes , three are 
related to a growth factor or a growth factor receptor. These 
genes include c-sis , which is homologous to the transforming gene 

15 of the simian sarcoma virus and Is the B chain of platelet-derived 

growth factor (POCF) ; c-fms, which is homologous to the 
transforming gene of the feline sarcoma virus and is closely 
related to the macrophage colony -stimulating factor receptor (CSF- 
II.) ; an c-eroB, which encodes the ECF receptor (ECFR) and is 

20 homologous to the transforming gene of the avian erythroblastosis 

virus (v-eroB). The tvo receptor-related proto - oncogenes , c-fm* 
and c-eroB, are members of the tyrosine -specific protein kinase 
family to which many pro to -oncogenes belong. 

25 Recently, a novel transforming gene was identified a? a result 

of transfectlon studies with DHA from chemically induced rat 
neuroblastomas. This gene, called neu, was shown to be related to, 
but distinct from, the c-er&B proto - oncogene . By means of v-eroB 
and human EGFR as probes to screen human genomic and complementary 

30 DHA (cDKA) libraries, two other groups independently Isolated human 

erbB- related genes that they called HER2 and c-erbB-2 respectively. 
Subsequent sequence analysis and chromosomal mapping studies 
revealed that c-erbB-2, and HER2 are species variants of neu. A 
fourth group, also using v-er6B as a probe, identifiad the same 
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gene In a msmmsij carcinoma cell line, MAC 117. where It was found 
to be amplified five- to ten- fold. 



This gene, which will be referred to herein as HER2, encodes a 
5 new member of the tyrosine kinase family; and is closely related 

to, but distinct frost, the EGFR gene as reported by Covu«*n* #j£ 
ml-. Science 222. 1132 (1985). HER2 diffars frosi EGFR in chat it 
is found on band q21 of chromosome 17, as coarparad to band pll-pl3 
of chromosome 7, where the EGFR gene is locatad. Al*o, tha H£R2 

10 gene generates a messenger RNA (mRNA) of 4.8 kb, which differs from 

the 5.8- and 10 -kb transcripts for the EGFR gene. Finally, the 
protein encoded by the HER2 gene is 185,000 da 1 tons , as compared to 
the 170, 000- dal ton protein encoded by the EGFR gene. Conversely, 
on the basis of sequence data, HER2 is sore closely related to the 

15 EGFR gene than to other members of the tyrosine kinase family. 

Like the EGFR protein, the HER2 protein (pl85) has an extracellular 
. domain, a transmembrane domain that includes two cystelne-rlch 
repeat clusters, and an Intracellular kinase domain, indicating 
that it is likely to be a cellular receptor for an as yet 

20 unidentified ligand. HER2 p!85 is referred to as pl65 or the HER2 

receptor herein. 



Southern analysis of primary human tumors and established 
tumor-derived cell lines revealed amplification and in some cases 

25 rearrangement of the EGF receptor gene. Amplification was 

particularly apparent in squamous carcinomas and glioblastomas. 
The HER2 gene was also found to be amplified in a human salivary 
gland adenocarcinoma, a renal adenocarcinoma, a mammary gland 
carcinoma, and a gastric cancer cell line. Recently, Slamon g& 

30 al. , Science 221. 177 (1987) demonstrated that about 30% of primary 

human breast carcinoma tumors contained an amplified HER2 gene. 
Although a few sequence rearrangements were detected, in most 
tumors there were no obvious differences between amplified and 
normal HER2 genes. Furthermore, amplification of the HER2 gene 
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correlated significantly with the negative prognosis of the dleease 
and the probability of relapse. 

To investigate too significance of too correlation between 
5 ovar-axpraaalon and callular transformation aa it baa baan observed 

f-_ proto-oncogenea c-mos and N-myc, a HER2 expres«ion vector and a 
aalactlon schema that permitted aequence aatpliflcatlon aftar 
transaction of mouse HIH 3T3 calla vas employed by Hudziak ejt §1. t 
P IM. Rati. Acad, Scl, (USA) Sk. 7159 (1987). Amplific ition of tha 
10 unaltered HER2 gana in ITCH 3X3 calla laad to over -express ion f 

p!85 as veil as csllular transformation and tumor formation in 
a thymic mica. 

Tha affacta of antibodlas spaclflcally binding grovth factors 
IS or grovth factor racaptors has baan studied. Examplas ara 

diacussad below. 

Rosenthal a£ §X. , Call 46, 301 (1986) introduced a human TCF-a 
cDKA expression vector into established non- trans formed rat 

20 fibroblast cell*. Synthesis and secretion of TCF-a by these cells 

resulted in loss of anchored -dependent growth and induced tumor 
formation in nude alee. Anti-human TCF-a monoclonal antibodies 
prevented tha rat cells from forming colonies in soft agar, i.e. 
loss of anchorage dependence. Gill e£ gl. , in J. Biol c^ em, 259 

25 7755 (1984) disclose monoclonal antibodies specific for ECF 

receptor which were inhibitors of ECF binding and antagonists of 
ECF- stimulated tyrosine protein kinase activity. 



30 



Drabin a£ ml, in Call 41 695 (1985) demonstrated that exposur 
of a nau- oncogene -trans formed KIH 3T3 cell to monoclonal antlbodl a 
reactive with the nau gene product, cause the neu- transformed NIH 
3T3 cell to revert to a non- trans formed phenotype as determined by 
anchorage independent growth. Drebin fii il., in Froc. Nstl . Acad , 
S&L*. H, 9129 (1986) demonstrated that In vivo treatment with a 
35 monoclonal antibody (IgG2a isotype) specifically binding the 
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proteln encoded by the ami oncogene slgnlf icantly inhibited the 
tumorlgenlc growth of neti- transformed KIH 3T3 cells Implanted into 
nude mice . 

5 Aklyama ml- in Science 221. 1^44 (1986) raised antibodies 

against a synthetic pop tide corresponding to 14 asilno acid residues 
at the carboxy- terminus of the protein deduced froei the c-ert)B-2 
(HER2) nucleotide sequence. 

10 Growth factors have been reported to . ..terac:; In l*>th a 

synergistic and an antagonistic manner. For example, TGF-a and 
TGT-fl synerglstlcally enhance the growth of NEK-49F fibroblasts, 
whereas PDCF down regulates EOF receptor function on 3T3 cells. A 
variety of transformed cells secrete factors which are believed to 

15 stimulate growth by an autocrine mechanism. Sugarman *£ aj. . 

Cancer ftee ££, 780 (1987) demonstrated that under certain 
conditions, growth factors can block the antiproliferative effects 
of TNF-oj on sensitive tumor cells. Specifically, epidermal growth 
factor (EOF) and recombinant human transforming growth factor-a 

20 (rHuTCF-a) were shown to interfere with the in, vitro 

antiproliferative effects of recombinant human tumor necrosis 
factor-a (rHuTNF-_) end -0 on a human cervical carcinoma cell line, 
ME- 180. The Inhibitory effect could be observed at EOF or rHuTCF-a 
concentrations of 0.1 to 100 ng/ml, and vas maximal between 1 and 

25 10 ng/ml. This response vas apparently not due to down regulation 

of the TNF receptor or to alteration of the affinity of TNF-o for 
its receptor. Since the antiproliferative effect of recombinant 
human interferon-7 was not significantly affected by the presence 
of ECF or rHuTGF-a, the Inhibition was specific for recombinant 

30 TNFs and was not due solely to enhanced proliferation Induced by 

the growth factors. Neither growth factor had a substantial 
protective effect on the synergistic cytotoxicity observed when 
tumor cells were exposed simultaneously to rHuTNF-a end recombinant 
human lnterferon-7. TGT-0 can also interfere with th 

35 antiproliferative effects of rHuTNF-a in vitro . At concentrations 
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of leas than 1 ng/ml, TCF-0 significantly antagonized th* cytotoxic 
effects of rHuTNF-o on KIH 3T3 fibroblast*. Since ECF. platelet- 
derived growth factor, and all onhancod KIH 3T3 call 
proliferation, but only interfered wit rttuTNF-a 
5 cytotoxicity, tha protactiva af facta of TCF-0 war a not ralatad In a 
simple manner to anhancad call prolifaration. rttuTCF-a and TCF-0 
did not hava a significant protactiva effect against rHuTNF-o- 
medlated cytotoxicity on two othar tumor call linaa, BT-20 and L- 
929 calls. 

10 

It Is an objact of tha subject invention to provida antlbodiea 
capable of inhibiting growth factor receptor function. 

It is a further objact of tha invention to provida an improved 
15 assay for the HER2 receptor. 

It is a further object of tha invention to provida improved 
methods of tumor therapy. 

20 It is a further object of the invention to provida a method of 

inhibiting tha growth of tumor cell* which overexprees a growth 
factor receptor and/or growth factor. 

It i« a further object of the invention to provida a method 
25 for treating a tumor by treatmant of tha tumor calls with 

antibodies capable of inhibiting growth factor receptor function, 
and with cytotoxic factors such as tumor necrosis factor. 

A still further object of the invention is to provida an assay 
30 for tyrosine kinases that may hava a role in tumorigenasls . 

Other objects, features and characteristics of the present 
invention will become apparent upon c nsidarati n of tha f llowing 
description and the appended claims. 
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c 1MflPr TTf the Invtntlon 

The subject Invention relates to Monoclonal antibodies 
•pacifically binding the -xternal domain of the HQ2 receptor. The 
Invention also ralaeas to an asaay for the HE&2 receptor comprising 
5 exposing calla to antlbodiaa specifically binding tha extracellular 

domain of tha HER2 racaptor. and determining tha extant of binding 
of aald antlbodiaa to aald calla. Another embodiment of the 
invention relates to a method of inhibiting growth of timor calla 
oy administering to a patient a therapeutically affective a x>unt f 
10 antibodies capable of inhibiting tha HER2 racaptor function. A 

further embodiment of tha invention relates to administering a 
therapeutically affective amount of antlbodiaa capable f 
inhibiting growth factor receptor function, and a the r apaut leal ly 
affective amount of a cytotoxic factor. A still further embodiment 
15 of the invention is an assay for tyrosine kinases that may have a 

role in tumorlgenesis comprising exposing calls suspected to be 
THF-a resistant to TNF-a, isolating those cell which are TNF-a 
resistant, screening the Isolated cells for increased tyrosine 
kinase activity, and isolating receptors and other proteins having 
20 Increased tyrosine kinase activity. 

Brief Description of the Drawings 

Figure la shows TV? -a resistance of NIH 3T3 calls expressing 
various levels of HER2 pl85. Figure lb shows macrophage 
25 cytotoxicity assays for HIH 3T3 cells expressing various levels f 

HER2 p!85. 

Figure 2 demonstrates the level of TNF-a binding for a contr 1 
cell line (NIH 3T3 neo/dhfr) and for a cell line overexpreasing 
30 HER 2 pl85 (HER2-3 800 ). 

Figure 3 shows inhibition of SK B&3 cell growth by anti-HER2 
monoclonal antlbodiaa. 
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Flgure 4 ie a dose response curva comparing the effect of en 
irrelevant Monoclonal antibody (anti-HBV) and the effect of 
Monoclonal antibody 4D5 (tnti-HER2) on the growth of SX B&3 celle 
In Htm. 

5 

Figures 5*. 3b and 6a show percent viability of SK BB3 ceila 
aa a function of increasing TNF-o concantration and anti*HER2 pl85 
monoclonal antibody concantration. Each Flgura shows tha raaulta 
for a dlffarant anti-HER2 pl85 Monoclonal antibody. Figure 6b is a 
10 control using an irralavant Monoclonal antibody. 

Flgura 7 shows par cant viability of KDA-KB-175-VXI calls as a 
function of increasing THF-a concentration and entl-HER2 p!85 
Monoclonal antibody concentration. 

15 

Figure 8 shows percent viability of OTH 3T3 cells 
ovaraxpreaaing HCT? pl85 as a function of increasing THF-o 
concentration and anti-HER2 pl8S Monoclonal antibody concentration. 

20 Dttgllffl &f icriptlro Ql the Imrtntlgp 

A new application of antibodies to Inhibit tha growth of tuawr 
cells has been discovered. Surprisingly, it has bean found that by 
Inhibiting growth factor receptor function, e.g. the HER2 receptor 
function, cell growth ia inhibited, and the cells are rendered Mora 

25 susceptible to cytotoxic factors. Tbue # for example, breast cancer 

cells which are refractory to TOT-a alone can be Made euaceptlble 
to THF-a if the cells are first treated with antibodies which 
inhibit growth factor receptor function. The increase of 
susceptibility has been daMonstratad using tha HP? receptor and 

30 Monoclonal antibodies directed against the HER2 receptor, and tuMor 

necrosis factor -a. 

The Method of this invention is useful in the therapy of 
Malignant or benign tumors of basse* Is where the abnormal growth 
35 rate of the tumor is dependent upon growth fact r recept rs. 
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Abnormal growth rate is a rate of growth which is In exceaa of that 
required for normal hoMoituli and is in exceaa of that for normal 
tissues of the iim origin. Many of these tumors are dependent 
upon extracellular aourcaa of the growth factor recognized by tha 
5 receptor, or upon aynthaaia of tha growth factor by tha tumor call 

itaalf. This lattar phenomenon la ttmd "autocrine" gro^^n. 

Tha methods of tha subject invention la applicable whara tha 
following condition* are nt; 
10 (1) the growth factor receptor and/or ligand (growth factor) la 

expressed, and tumor cell growth dependa upon tha growth factor 
racaptor biological function; 

(2) antibodies specifically binding the growth factor receptor 
and/or ligand inhibit tha growth factor receptor biological 
15 function. 



While not wishing to be constrained to any particular theory 
of operation of tha invention, it la believed that the antibodies 
inhibit growth factor receptor biological function in one or aw re 
20 of the following waya: 

(a) The antibodies bixv<< to the extracellular domain of the 
receptor and inhibit tha ligand from binding tha receptor; 

(b) The antibodiee bind tha ligand (tha growth factor) itaalf and 
inhibit the ligand froei binding tha receptor; 

25 [c) The antibodies down regulate the growth factor receptor; 

(d) The antibodies sensitize tumor cells to the cytotoxic effecta 
of a cytotoxic factor such as TNF-o; 

(a) The antibodiee inhibit the tyrosine kinase activity of the 
receptor. 

30 In casea (f) and (g) , the antibodies inhibit growth factor receptor 

biological function indirectly by mediating cytotoxicity via a 
targeting function: 

(f) The antibodies bel ng to a sub-class r is type that upon 
coapl xing with tha receptor activates serum complement and/or 
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mediate antibody-dapendent cellular cytotoxicity (ADCC) . e.g. IgC2a 
antibodies ; 

(g) The antibodies which bind the receptor or growth factor are 
conjugated to a toxin (immuno toxins) ; 
5 Advantageous ly antibodies are selected which greatly inhibit the 

receptor function by binding the eteric vicinity of the llgand 
binding site of the receptor (blocking the receptor), and/or which 
bind the growth factor in such a way as to prevent (block) the 
llgand from binding to the receptor. These antibodies * re selected 

10 using conventional In vitro assays for selecting antibodies which 

neutralize receptor function. Antibodies that act as llgand 
agonists by mimicking the llgand are discarded by conducting 
suitable assays as will be apparent to those skilled in the art. 
For certain tumor cells, the antibodies inhibit an autocrine growth 

15 cycle (i.e. where a cell secretes a growth factor which then binds 

to a receptor of the same cell). Since some Uganda , e.g. TCF*a, 
are found lodged in cell membranes, the antibodies serving a 
targeting function are directed against the llgand and/or the 
receptor. 

20 

Certain tumor cells secrete growth factors that are required 
for normal cellular growth and division. These growth factors, 
however, can under some conditions stimulate unregulated growth of 
the tumor cell Itself, as well as adjacent non- tumor cells, and can 
25 cause a tumor to form. 



Epidermal Growth Factor (EGF) has dramatic stimulatory effects 
on cell growth. In purified receptor preparations, the EGF 
receptor is a protein kinase that is activated by the binding f 

30 EGF. Substrate proteins for this kinase are phosphorylated on 

tyrosine residues. The receptors for Insulin, platelet-derived 
growth factor (PDGF) and other growth hormones also are tyrosine - 
specific kinases. It is bell ved that llgand binding to the 
receptor triggers phosphorylation f certain proteins by the 

35 receptor and in this way stimulates cell growth. About one -third 
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of the known ooco|«ms encode proteins that phosphory 1 «t* tyrosine 
residues on othar proteins. It is believed that these oncogene 
products trigger responses analogous to tha responses of cells to 
grovth factor* and horvooif. The ertB oncogene product Is s 
5 portion of tha EOT racaptor that lacks tha hormone -binding domain 

and may give rlsa to a cone tl tut lva grovth- stimulating signal 

Ona embodiment of this invention is a method of inhibiting 
tha grovth of tumor cslls by adminis taring to a ^atlent s 
10 therapeutically affactlva amount of antibodias that inhibit tha 

HER2 receptor biological function of tumor calls. 

Overexpression of grovth factor racaptors incraasas tha 
raslstanca of calls to THF as demonstrated balcv. Ovaraxprassion 

15 of tha HER1 racsptor (ECF racaptor), met receptor-like 

protooncogana product, and HKR? racaptor all show this incraasad 
raslstanca. It is shown in tha Examples balov that amplified 
expression of HER2, which ancodas tha HKR? racaptor (pl85), inducas 
raslstanca of NIH 3T3 calls to tha cytotoxic affacts of macrophages 

20 or TNF-a. Induction of NIH 3T3 call raslstanca to TNF-a by 

overexpression of pl85 is accompanied by alterations in tha binding 
of TNF-o to its racsptor. Ovaraxprassion of p!85 is als 
associated with resistance of certain human breast tumor cell lines 
to the cytotoxic effects of TNF-o. 

25 

In another embodiment of the invention, tumor cells are 
treated by (1) administering to s patient antibodias directed 
against the grovth factor and/or Its receptor, that inhibit the 
biological function of the receptor and that sensitise the cells t 
30 cytotoxic factors such as THF, and (2) administering to the patient 

cytotoxic factor(s) or other biological response modifiers which 
activate immune system cells directly or indirectly to produce 
cytotoxic factors. 
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Th* cytotoxic factor, such as TNF-a, exerts its cytostatic 
(cell growth suppressive) and cytotoxic (cell destructive) effect. 
Examples of useful cytotoxic factors are TNF-a, TNF-0. IL-1, IFN- 7 
and IL-2, and chemo therapeutic drugs such as 5FU, vinblastine, 
5 actlnomycln D, etoposlde, cisplatin, Methotrexate, and doxorubicin. 

Cytotoxic factors can be adalnistered alone or in combination. In 
a still further embodiment of the invention, the patient is treated 
with antibodies which inhibit receptor function, and with 
autologous transfer therapy, e.g. IAK or TIL cells. 

10 ' 

Tumor necrosis factors are polypeptide* produced by mitogen* 
stimulated macrophages or lymphocytes which are cytotoxic for 
certain malignantly transformed cells. The anti- tumor effect of 
TNT -a is known to be eynergistically potentiated by interferons. 
15 The anti -tumor effect of TNF-a and TNF-0 in admixture are addltivs, 

as are the antiviral effects of interferons alpha and beta. 

The tumor necrosis factors include TNF-a and TNF*£. The 
former is described together with methods for its synthesis in 

20 recombinant cell culture, in U.S. Patent 4,650,674, and in European 

Patent Application 0168214; the latter is described in European 
Patent Application J164965. The TNF-a and TNF-0 described in these 
patent documents includes cytotoxic amino acid sequence and 
glycosylation variants. TNF-a and TNF-0 from non- recombinant 

25 sources are also useful in the method of this invention. 

The preferred TNF is mature human TNF-a from recombinant 
microbial cell culture. The TNF ordinarily will hava a cytolytic 
activity on susceptible L-M murine cells of greater than about 1 x 
30 10^ units/mg, wherein a unit is defined as set forth in the above - 

described patent application. 

In another embodiment of the subject invention, one or more 
additional cytokines and/or cytotoxic factors are administered with 
35 TNF-a, egs. interferons, interleukins , and chemotherapeutic drugs. 
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Tbe compositions herein include a pharmaceutlcelly acceptabl 
vehicle such as those heretofore used In the therapeutic 
administration of Interferons or TtIF, e.g. physio lo^^al saline r 
5 5% dextrose, together with conventional stabilizers and/ r 

exclplents such as human serusi albumin or mannltol. The 
expositions Are provided lyophilixed or in the font of sterile 
Aqueous solutions. 

10 Several variables trill be ^aken into Account by the ordinary 

artisan in determining the concentration of TNF in the therapeutic 
compositions and the dosages to be administered. Therapeutic 
variables also Include the administration route, and the clinical 
condition of the patient. 

13 

The cytotoxic factor(s) and antlbodiee inhibiting growth 
factor receptor function ere administered together or separately. 
If the latter, advantageously the antibodies are administered first 
and the TNF thereafter within 24 hours. It is within the scope of 
20 this invention to administer the TKF and antibodies in multiple 

cycles, depending upon the clinical response of the patient. The 
TKF and antlbodle* ere administered by the same or separate routes, 
for example by intravenous, intranasal or intramuscular 
admini s tra t ion . 

25 

The method of the subject invention can be used with tumor 
cells which over express growth factor receptor and/or llgand where 
antibodies can be produced which inhibit the growth factor recept r 
function. A cell (e.g. breast tumor cell) overexpresses a growth 
30 factor receptor if the number of receptors on the cell exceeds the 

number on the normal healthy cell (e.g. normal breast tissue cell). 
Examples of carcinomas where the HER2 receptor if crverexpressed 
(and thus the method of the subject invention is applicable), are 
human breast, renal, gastric and salivary gland carcinomas. 

35 
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A further embodiment of the invention is an uity for 
identifying receptors and other proteins hiving increased tyrosine 
kinase activity, and for identifying oncogenes that transform 
cells. Amplification of certain oncogenes encoding tyrosine 
5 kinases correlates vith TNF-a resistance. If cells are selected 

for resistance to TNF-a, son of these will have Increased tyrosine 
kinase activity. Some of the tyrosine kinases vill be receptors. 
The genes encoding the tyrosine kinases are then cloned using 
standard technio i ues for the cloning of genes. Identification of 

10 the receptor or other protein permits the design of reagents which 

inhibit receptor (or other protein) function and Induce cellular 
sensitivity to cytotoxic factors as demonstrated herein with HER2 . 
Identification of the receptor also permits subsequent 
Identification of the receptor's ligand. The assay comprises 

15 exposing cells suspected to be TOT-* sensitive to TNF-a f and 

isolating those cells which are THF-a resistant. The TNF-a 
resistant cells are then screened for Increased tyrosine kinase 
activity, and receptors and other proteins having Increased 
tyrosine kinase activity are Isolated. 

20 

Antibodies 

In accordance with this invention, monoclonal antibodies 
specifically binding growth factors or growth factor receptors such 
as the HER2 receptor, were isolated from continuous hybrid cell 

25 lines formed by the fusion of antigen- primed immune lymphocytes 

with myeloma cells. Advantageously, the monoclonal antibodies of 
the subject invention which bind growth factor receptors, bind the 
extracellular domain of the receptors. In another embodiment of 
the invention, polyclonal antibodies specifically binding the 

30 growth factors or growth factor receptors are used. 

The antibodies of the subject invention which are used in 
tumor therapy advantageously inhibit tumor cell growth greater than 
20%, and most advantageously greater than 50%, la vitro . These 
35 antibodies are obtained through sere ning (see, for example, the 
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discussion relating to Figure 3). the enti-HER2 receptor 
monoclonal antibodies of the subject invention which are used in 
tumor the r spy axe capable of inhibiting serum activation of the 
eceptor. 

5 

Monoclonal antibodies are highly specific, being directed 
against a single antigenic site. Furthermore, in contrast to 
conventional antibody (polyclonal) preparations which typically 
Include different antibodies directed against different 

10 determinants (epitopes), each monoclonal antibody is directed 

against a single determinant on the antigen. Monoclonal antibodies 
are useful to improve the selectivity and specificity of diagnostic 
and analytical assay methods using antigen* antibody binding. A 
second advantage of monoclonal antibodies is that they are 

15 synthesized by the hybrldoma culture, uncontamlnated by other 

immunoglobulins. Monoclonal antibodies may be prepared from 
supernatants of cultured hybrldoma cells or from ascites induced by 
intra- peritoneal Inoculation of hybrldoma cells into mice, 

20 The hybrldoma technique described originally by Kohler and 

Mllateln, Eur. J. Imr-nol. 511 (1976) has been widely applied to 
produce hybrid cell lines that secrete high levels of monoclonal 
antibodies against many specific antigens. 

25 The route and schedule of Immunisation of the host animal or 

cultured antibody -producing cells therefrom are generally in 
keeping with established and conventional techniques for antibody 
stimulation and production. Applicants have employed mice as the 
test model although It is contemplated that any mammalian subject 

30 including human subjects or antibody producing cells therefrom can 

be manipulated according to the processes of this invention to 
serve as the basis for production of mammalian, including human, 
hybrid cell lines. 
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After immunization, immune lymphoid cells are fused with 
■yeloma cells to |tmriti a hybrid coll line which can bo 
cultivated end subcultivated indefinitely, to produco largo 
quantities of Monoclonal antibodios. For purposes of this 
5 invention, tha l—im lymphoid calls s a lac tad for fusion are 

lymphocytes and their normal differentiated progeny, taken either 
from lymph node tissue or spleen tissue from immunised animals. 
Applicants prefer to employ tmmnnt spleen cells, since they offer a 
more concentrated and convenient source of antibody producing cells 
10 with respact to the mouse syetem. The myeloma cells provide the 

basis for continuous propagation of the fused hybrid. Kyeloma 
cells are tumor cells derived from plasma calls. 

It is possible to fuse cells of one spaclea with another. 
15 However, it la preferred that the source of immunized antibody 

producing cells and myeloma be from the same species. 

The hybrid cell lines can be maintained in culture in vitro in 
cell culture media. The cell lines of this invention can be 

20 selected and/or maintained in a composition comprising the 

continuous call line in the known hypoxan thine -am loop tar in thymidine 
(HAT) medium. In fact, once the hybridoma cell line la 
established, it can be maintained on a variety of nutritionally 
adequate media. Moreover, tha hybrid cell lines can be stored and 

25 preserved in any number of conventional ways, including freezing 

and storage under liquid nitrogen. Frozen cell lines can be 
revived and cultured Indefinitely with resumed synthesis and 
secretion of monoclonal antibody. The secreted antibody is 
recovered from tissue culture supernatant by conventional methods 

30 such as precipitation, ion exchange chromatography, affinity 

chromatography, or the like. 

While the invention is demonstrated using mouse monoclonal 
antlbodl s, the invention is not so limited; in fact, human 
35 antibodies may be used and may prove to be pr f arable. Such 
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antibodies can be obtained by using huun hybridous (Cote g±. , 
Monoclonal Antibodies and Cinctr ThsraPT. Alan R. Liss. p. 77 
(1985)). In fact, According to the invention, techniques developed 
for the production of ■ chimeric antibodies* (Morrison j£ Proc. 
5 Hatl. Agsd. Scl. U, 6851 (1984); Heuberger e£ jJL. . Ha£ux* 112. 604 

(1984); Takeda f£ ml- . flACUCft 114. 452 (1985)) by spiking the 
genes from a souse antibody Molecule of appropriate antigen 
specificity together vith genes frosi a human antibody molecule of 
appro, * late biological activity (such as ability to activate human 
10 complement *nd mediate ADCC) ;an be used; such antibodies are 

within the scope of this invention. 

As another alternative to the cell fusion technique, EBV 
immortalized B cells are used to produce the monoclonal antibodies 
15 of tha subject invention. Other methods for producing monoclonal 

antibodies such as recombinant DMA, are also contemplated . 

The immunochemical derivatives of the antibodies of this 
Invention that are of prime importance are (1) immune toxins 

20 (conjugates of the antibody and a cytotoxic moiety) and (2) labeled 

(e.g. radiolabeled, enzyme -labeled, or fluorochrome- labeled) 
derivatives in which the label provides a means for identifying 
Immune complexes that Include the labeled antibody. The antibodies 
are also used to induce lysis through the natural complement 

25 process, and to Interact with antibody dependent cytotoxic cells 

normally present. 

ImmawtOTtni 

The cytotoxic moiety of the immunotoxln may be a cytotoxic 
30 drug or an enzymatically active toxin of bacterial or plant origin, 

or an enzymatically active fragment ("A chain") of such a toxin. 
Enzymatically active toxins and fragments thereof used are 
diphtheria A chain, nonblnding active fragments of diphtheria 
toxin, exotoxin A chain (from Pseudonon*s aeruginosa^ ricin A 
35 chain, abrin A chain, aodeccin A chain, alpha-sarcin, Aleurltes 
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fordll proteins, dienthin p roc* 1m, Fhn o la«« l atr l fimn m proteins 
(PAP I, PAPII, and PAP-S), momordica charantla Inhibitor, cure in, 
crotin. sapaonarla officinalis inhibitor. gelonin, *itogellin. 
reatrictocin, pheaomycln. and enomycin. In another embodiment, the 
5 antibodies are conjugated to null molecule anticancer drugs. 

Conjugates of the monoclonal antibody and such cytotoxic moieties 
art aads using a variety of blfunctlonal protain coupling agants. 
Examples of such raagants ara SPDP, IT. blfunctlonal derivatives of 
lmidoesters such a dimethyl adiplmidate HC1. activa asters -uch as 

10 disuccinimidyl subarata, aldehydaa such as glutereldahyda , bia- 

azldo compounds such as bis (p-axidobenxoyl) hexanedlaalne , bis- 
diazonlua darlvativas such as bis- (p-dia*oniumbenxoyl) - 
ethylenediamine, dllsocyanatas such as tolylana 2 ( 6-dIisocyanate, 
and bis -activa fluorina compounds such as 1, 5-difluoro-2 ,4- 

15 dlnitrobenxene . Tha lyslng portion of a toxin may ba jolnad to tha 

Fab fragrant of tha antibodies. 

Advantageouely t monoclonal antlbodias spacif ically binding tha 
axtarnal doMln of tha tar gat growth factor receptor, e.g. R£R2 
20 racaptor, ara conjugated to rlcin A chain. Host advantageously tha 

rlcln A chain is daglycosylatad and producad through recombinant 
•aans. An advantagaous method of making tha rlcin 1 —in h i toxin is 
dascribad in Vitatta aj; ml., Science 21ft. 1098 (1987). 

25 Vhan usad to kill human cancar calls in vitro for diagnostic 

purposas, tha conjugatas will typically ba addad to tha call 
cultura msdlua at a concentration of at laast about 10 nK. Tha 
formulation and moda of administration for in vitro uaa ara not 
critical. Aquaous formulations that ara compatible with tha 

30 culture or perfusion medium will normally ba used. Cytotoxicity 

may be read by conventional techniques to determine tha presence or 
degree of cancer. 

Cytotoxic radiopharmaceuticals for tr ating cancer may ba made 
35 by conjugating radioactive isotopes (e.g. I, Y, Pr) to the 
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antlbodles. The term "cytotoxic moiety" as used herein Is Intended 
to include such Isotopes. 

In another embodiment, liposomes are filled with a cytotoxic 
3 drug «nd the liposomes are coated with Antibodies specifically 

binding a growth factor receptor. Since there are many recept r 
sites, this method permits delivery of large amounts of drug to the 
correct cell type. 

10 Antibody Dai>*nd«Tifc C«llul«r Cytotoxicity 

The present Invention also Involves a method based on the use 
of antibodies which are (a) directed against growth factor 
receptors such as HER2 p!85, god (b) belong to a subclass or 
lsotype that Is capable of mediating the lysis of tumor cells to 

15 which the antibody molecule binds. More specifically, these 

antibodies should belong to a subclass or lsotype that , upon 
complexlng vlth growth factor receptors, activates sense complement 
and/or mediates antibody dependent cellular cytotoxicity (ADCC) by 
activating effector cells such as natural killer cells r 

20 macrophages . 

The present Invention is also directed to the use of thes 
antibodies, in their native form, for therapy of human tumors. For 
example, many IgG2a and IgC3 mouse antibodies which bind tumor. 
25 ex. oc I a ted cell surface antigens can be used in vivo for tumor 

therapy. In fact, since HER2 pl85 is present on a variety of 
tumors, the subject antibodies and their therapeutic use have 
general applicability. 

30 Biological activity of antibodies is known to be determined, 

to a large extent, by the Fc region of the antibody molecule 
(UanAnue And Eenacerref, Textbook of Tammol oyy 2nd Edition, 
WilliAms & Wilkins, p. 218 (1984)). This includes their ability t 
activate complement and to medlste Antibody- dependent celluler 

35 cytotoxicity (ADCC) as effected by leukocytes. Antibodies f 
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different clasees and subclasses differ In this respect, and, 
according to the present Invention, antibodies of those classes 
having tha daairad biological activity ara aalactad. For example, 
mouse Immunoglobul lna of tha IgC3 and IgC2a claaa ara capabla of 
5 activating serum complement upon binding to tha targat calls which 

axprasa tha cognata antigen. 

In ganaral, antibodias of tha IgC2a and IgG3 ubclass and 
occasionally IgCl can mediate ADCC, and antibodias of tha IgC3 f and 
10 IgC2a and IgK aubclaaaaa bind and activata aarusi complement. 

Complement activation generally raquiraa tha binding of at laaat 
two IgG molecules in closa proximity on tha targat call. However, 
tha binding of only ona IgK molecule actlvataa sarusi complement. 

15 tha ability of any particular antibody to mediate ly*ia of tha 

tumor call targat by complement activation and/or ADCC can ba 
aasayad. Tha tumor calls of intaraat ara grown and labalad in 
vivo : tha antibody la added to tha tumor call cultura in 
cosiblnation with althar aarusi complement or Is— ins calls which may 

20 ba activated by tha antigen antibody complexes. Cytolyala of tha 

target tumor cells is detected by the releaae of label from the 
lysed cells. In fact, antibodies can be screened using tha 
patient' a own serum as a source of complement and/or immune calls. 
The antibody that is capabla of activating complement or Mediating 

25 ADCC .in the in vitro test can then be used therapeutically in that 

particular patient. 

Antibodies of virtually any origin can be used according to 
this embodiment of the present invention provided they bind growth 

30 factor receptora such as HER2 pl85 and can activate complement or 

mediate ADCC. Monoclonal antibodies offer the advantage of a 
continuous, ample supply. In fact, by immunizing mice with, for 
example, HER2 pl85, establishing hybridomae making antibodies t 
pl85 and selecting hybridomae making antibodies which can lysa 

35 tumor cells in the presence of human complement, it is possible t 
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rapidly establish a p«n«l of antibodies capable of reacting with 
and lysing a largo variety of buun tumors. 

Therapeutic Uses of the Antibodies 
5 When used in vivo for therapy, the antibodies of the subject 

invention are administered to tha patient In therapeutically 
effective amounts (i.e. amounts that eliminate or reduce the 
patient's tumor burden) . They will normally be administered 
paren^erally, what, possible, at the target cell *ite, or 

10 intravenously. The dose and dosage regimen v*^l <*e?-tnd upcn the 

nature of the cancer (primary or metastatic), its population, the 
site to which the antibodies are to be directed, the 
characteristics of the particular immune toxin (when used), e.g., 
its therapeutic index, the patient, and the patient's history. The 

IS amount of antibody administered will typically be in the range of 

about 0.1 to about 10 mg/kg of patient weight. 

For parenteral administration the antibodies will be 
formulated In a unit dosage injectable form (solution, suspension, 

20 emulsion) in association with a pharmaceutlcally acceptable 

parenteral vehicle. Such vehicles are inherently nontoxic, and 
non- therapeutic. examples of such vehicles are water, saline. 
Ringer's solution, dextrose solution, and 5% human serusi albumin. 
Nonaqueous vehicles such as fixed oils and ethyl oleate may also be 

25 used. Liposomes may be used as carriers. The vehicle may contain 

minor amounts of additives such as substances that enhance 
isotonlclty and chealcsl stability, a.g., buffers and 
preservatives. The antibodies will typically be formulated in such 
vehicles at concentrations of about 1 mg/ml to 10 mg/ml. 

30 

The selection of an antibody subclass for therapy will depend 
upon the nature of the tumor antigen. For example, an IgK may be 
preferred in situations where the antigen is highly spaciflc for 
the tumor targ t and rar ly occurs on normal ells. However, where 
35 t&e tumor-associated antigen is also expressed in normal tissues, 
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a lbs It at much lovsr lava Is, tha IgG subclass may ba prafarrad f r 
tha following rtuoo: sine* tha binding of at laaat tvo IgG 
molaculas in closa proximity la raquirad to actlvata complamant, 
laaa complamant madiatad damaga may occur In tha nox*al tlssuas 
5 which axprasa smallar amounts of tha antigan and, tharafora, bind 

favar IgG antibody molaculas. Furtharmora, IgG molaculas by balng 
smallar say ba mora abla than IgM molaculas to local ixa to tumor 
tlssua. 

10 Thara la avidanca that complamant activation in vivo la ads to 

a varlaty of biological af facta. Including tha induction of an 
inflammatory raaponaa and tha activation of macrophagas (Uananua 
and Banacarraf, Taxtbook of TlMtTlfrlftfT 2nd Edition, William* & 
Vilkina, p. 218 (1984)). Tumor call* ara mora aanaltiva to a 

15 cytolytic affact of actlvatad macrophagaa than ara normal calls, 

Fldlar and Posta, Sprln^r s— in T-^f^i ui (1932). Tha 
incraaaad vasodilation accompanying inflammation may incrsaaa tha 
ability of various ant i- cane a r agants , such as chamotharapautlc 
druga, radiolaballad antibodias, ate., to loca lira in tumors. 

20 Tharafora, antigan -antibody combinations of tha typa apaclfiad by 

this lnvantion cat* ba us ad tharapautlcally in many ways and may 
clrcumvant many of tha p rob lams normally causad by tha 
hataroganalty of tumor call populations. Additionally, purlflad 
antigans (Hakomori, Am. EtY. ImaMTWl 2. 103 (1984)) or anti- 

25 idiotypic antibodias (Hapom ft£ al* . Proc. Wstl . Acad ^ \ a^ 2864 

(1985); Koprowski a£ ml*. Proc. Hatl. Aesd Sr< £1, 2 16 (1984)) 
ralating to auch antigans could ba usad to indues an actlva Tsann 
raaponaa in human cane a r patlanta. Such a rm9pmm% includaa tha 
formation of antibodias cap abla of activating human complamant and 

30 madia ting ADCC and by auch machanisms causa tumor da it ruction. 

Ianunoassays 

Dascribad hcrsin ara aarologlcal mathods for datarmining tha 
prasanca of HER2 pl85. Easantially # tha procassas of thta 
35 lnvantion comprlsa incubating or otharvis sxposing tha sampla to 
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be tested to monoclonal antibodies and detecting the presence of a 
reaction product. Those skilled in the art will rtcoplzt that 
thart are amy variations of these basic procedures. These 
include, for example, RIA, ELISA. precipitation, agglutination, 
5 complement fixation tad Immnun fliinrisr mrr In the currently 

preferred procedures ( the monoclonal antibodies are appropriately 
_«beled. 

The labe! that *re ueed in making Labeled vers* of, the 

10 antibodies include sole C lee t) at may be detected directly, such as 

radiolabels and fluorochromes. as veil as moieties, such as 
enzymes, that must be reacted or derivatlxed to be detected. The 
radio label can be detected by any of the currently available 
counting procedures. The preferred isotope labels are 

15 131 I, ^I, hi, 32 P and 35 S. The enzyme label can be detected by 

any of the currently utilised calorimetric . spec tropho tome trie , 
fluoro spec tro~pho tome trie or gasometrlc techniques. The enzyme is 
combined with the antibody with bridging molecules such as 
carbodliaddes, periods te, diisocyenetee . glutar aldehyde and the 

20 like. Many enzymes which can be used in these procedures are known 

and can be utilised. Examples are peroxidase. alkaline 
phosphatase, fi -glucuronidase,' 0-D-glucosidase , £-D-galactosldase, 
urease, glucose oxidase plus peroxidase, galactose oxidase plus 
peroxidase and acid phosphatase. Fluorescent materials which may 

25 be used include, for example, fluorescein and its derivative*, 

rhodamine and its derivatives, eur amine, dansyl, umbelllf erone , 
luclferia, 2 , 3-dlhy dr uph rh a l sT lned lones , horseradish peroxidase, 
alkaline phosphatase, lysozyme, and glucose* 6 -phosphate 
dehydrogenase. The antibodies may be tagged with such labels by 

30 known methods. For instance, coupling agents such as aldehyde , 

carbodllmides, dimaleLaide, imidates, succlnlmides, bld-diaxotiz d 
benxedine and the like may be used to tag the antibodies with the 
above -described fluorescent, cheailumine scent , and enzyme labels. 
Various labeling techniques are described in Morrison, Methods In 
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gngvolorv 32b . 103 (1974), Syvanan At al- . J, Biol. ChtM. 2fi£, 
3762 (1973) And Bolton and Hunter, Btwhta J. 121, 529 (1973). 

The antibodies and labalad antibodies may ba uaad in a variaty 
5 of lmsninolmsg Ing or Iwinnimj procedures to da tact tha praaanc 

©£ cancer in a patlant or Monitor tha atatua of such cancar In a 
patlant already dlagnoeed to hava it. Whan uaad to monitor tha 
status of a cancar, a quantltativa 1—unoaasey procadura suet ba 
usad. If such Monitoring assays ara carrlad out periodically and 

10 tha r a suits compared, a extermination may ba made r agar ding whether 

tha patlant' a tumor bur dan has lncraaaad or dacraaaad. C o— o n 
aasay tachniquas that may ba uaad lncluda dlract and lndlract 
aasaya. If tha saspla Includas cancar calls, tha labalad antibody 
will bind to thoaa eel la. Af tar washing tha tissua or calls to 

15 remove unbound labalad antibody, tha t la sua saspla la raad for tha 

praaanca of labalad Is— inn complexes. In lndlract aasaya tha 
tissua or call saspla ia Incubatad vith unlabalad monoclonal 
antibody. Tha saspla la than traatad vith a labalad antibody 
against tha Monoclonal antibody (a.g. , a labalad antlmurlna 

20 antibody), washed, and raad for tha praaanca of tarnary complexes. 



For diagnostic uaa tha antlbodiaa will typically -ba 
distributad in kit form. Thasa klta will typically comprise: tha 
antibody in labalad or unlabalad form in suitabla containers, 
25 raaganta for tha incubatlona for an lndlract assay, and aubatratas 

or car lva tiring aganta dapanding on tha natura of tha labal. HER2 
pl85 controla and Instructions may alao ba lncludad. 

Tha following axaaplas ara offarad to mora fully lllustrat 
30 tha invention, but ara not to ba construed sis limiting tha scopa 

thereof . 
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ggaiHHTTAL 

Asmllfl.d toffion nf olBS™** and Tyrosine Kinase Activity 

A series of 1TIH 3T3 cell 11ms expressing various levels of 
pl85 were constructed as disclosed in Hudxiek *£ #1. t Proc. Hatl. 
5 Acad. Scl. f£, 7159 (1987). The parental cell line had « 

non trans formed, TNF -a -sensitive phenotype . The control ceil 11m 
(RIH 3T3 neo/dhfr) was prepared by trans feet ion with pCVR t en 
expression plasmld encoding neomycin resistance as a selectable 
marker , and dlhydrotolata reductase (which encodes methotrexate 

10 resistance and which penults amplification o- associated DNA 

sequences) . pCVN-HER2 (which encodes, in addition, the entire 1255 
amino acid pl85 receptor-like tyrosine kinase under the 
transcriptional control of the RSV-LTR) was introduced into NIH 3X3 
cells in a parallel transfectlon. Transfectants were selected by 

15 resistance to the aminoglycoside antibiotic C418. The pCVM-H£R2 

primary transfectants (HER2-3) do not have a transformed morphology 
and fell to grow in soft agar. Stepwise amplification of HER2 
expression by selection in 200nM (HER2- 32(H)) . 400 nM (HER2-34oo). 
and 800 nM (HER2-3goo) methotrexate, however, results in 

20 transformation as judged by morphological criteria, the ability to 

grow in soft agar, and the ability to form tumors in nude mice. 

The amplification of expression of pl85 was documented by 
immunoprecipitetion from cells that were metaboli cally labeled with 

25 -*^S -methionine. The tyrosine kinase activity associated with pl85 

in these cell lines was measured by autophosphorylatloA In vitro . 
Por an autoradiograph of 3 5 S -methionine labeled pl85, 200 mCI of 
35 S -methionine (Amersham; 1132 Cl/mmol) was added to 1.5 ml of 
methionine -free labeling medium, containing 2% dlalyzed fetal 

30 bovine serum. 1.0 x 10* cells of each type were counted by Coulter 

counter, plated In 60 mm culture dishes (Falcon), and allowed to 
adhere for 12 h. Following an 8 h labeling porlod the cells were 
lysed and the HER2-encoded pl85 was analyzed. For an 

eut redl greph of self -phosphoryleted H£R2-r ceptor tyrosine 

35 kinase, the p!85 was Isnunoprecipltat d and the pellet was 
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rasuapandad in 50 /*1 of tyroalna kinaaa reaction buffer. Tha 
fttplti vara incubatad at 4*C for 20 min. Tha salf -phoaphorylatad 
pl85 from tha various call llnaa vaa than visualized by 
autoradiography following gal electrophoresis . Tha molecular 
5 vaight markare uaad vara ay o sin (200k0) and l-galactoeldaaa 

(116kT>. Tha raaulta shoved thac axpraaalon of plSS «nd ita 
aaaociatad tyros ina kinaaa incraaaad in parallal during 
amplification. Quantitativa danal t oaiatry of tha in vitro 
autophoaphorylatlon raactlona above d that tha tyrosine kinaaa 
10 activity incraaaad at laaat 5 to 6- fold batvaan HER2-3 and HE&2- 

3200 and batvaan HER2-3200 HC&2-3400* vhila only a small 

dlffaranca vaa obaarvad batvaan HE&2-3400 ^ HER2-3goo (••• tha 
Tyroalna Kinaaa column of Tabla 1 below). 

15 Relative amounts of tyroalna kinaaa praaant in each of tha 

call typaa of Tabla 1 vara datarmlned by taking ratloa of tha araaa 
undar tha curves obtainad by scanning auto radiograms (ualng an 
LKB2202 laaar danaltosjatar) . Tha auto radio grams had baan axposed 
for varioua timaa to allov for linaarlty in tha data ruinations , and 

20 than normal ixad by comparison to tha HER2 primary tranafactant 

(HER2-3). 

Resistance to THF-q 

Tha call llnaa daacribad abova vara than taatad for 
25 aanaitlvity to THF-a and macrophaga-lnducad cytotoxicity. 

In Flgura la, THF-a raslstanca of tha control calla and tha 
HER2-tranafactad KIH 3T3 calla la ahovn. Calls vara aaadad into 
96- vail microtitar platas at a danaity of 5,000 calla/vall in DHEM 

30 supplamantad with 10% calf sarum, 2mK L-glutamlna, 100 U/mi 

paniclllln and 100 Mg/»1 streptomycin. Tha calla vara allovad to 
adhara for 4 bra bafora tha addition of a rang- of concentrations 
of THF-a. Specific activity of tha TNF-a (r comblnant human TNF-o) 
vaa 5 x 10 7 U/mg aa datarminad in an L-M cell cytotoxicity assay in 

35 tha prasanca of actinomycin D. After incubation at 37 # C for 72 hr, 
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the monolayers were vuhid with PES and stain** with crystal violet 
dye for determination of relative call viability. These 
measureaents vara rapaatad six times. Rasults froai a 
rsprasantatlva experiment ara shown In Flgurs la. 

5 

In Figure lb, mac ropoage- media ted cytotoxicity assays *ra 
shown. TKF-o raslstant calls (nao/dhfr HTR) wara darlvad by 
subculturlng a clona of WW 3T3 nao/dhfr In madia containing 10,000 
U/r\ TNF-a. For macrophage cytotoxicity assays, KIH 3T3 nao/dhfr, 

10 HER2*3g0Q end nao/dhfr HTR calls wara saadad Into 96 -well 

microtltar platas as in la above. Human macrophages wara obtained 
as adherent cells from peripheral blood of healthy donors . 
Adherent cells were scraped and re suspended In media, activated for 
4 hr. with 10 pg/ml £. coll -derived llpopoly sac char Ida (LPS; Sigma) 

15 and 100 U/ml of recombinant human interferon- gamma (rttuIFN-7, 

Cenentech, Inc.). The cell suspension was than centrifuged for 10 
minutes et 1200 rpm and the resulting pellet waa washed with media 
to remove the LPS and rihiIFH-7. The macrophages ware re suspended 
In media, counted, and than added to the target cells to obtain the 

20 desired effector to target ratioa. After a 72 hr Incubation at 

37* C, the monolayers were washed with media and 5 *Cr was added to 
each well for determination of viability by 51 Cr uptake. 
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Tiblo 1 

Correlation between HER2* associated tyrosine kinase levels «nd 
resistance to THF-a 

5 ____ 





. fell ITM 


Percent 
VilUliCY 


Tyros 1m 

Kins-- 


1. 


KIH 3T3 oeo/dhf r 


3.6 + 0.6 


* 


2. 


NIH 3T3 nao/dhfr400 


8.3 l 1.0 


* 


3. 


HER2-3 


2.0 ± 0.4 


l.u 


4. 


HEE2.3 20 o 


27.5 z 2.7 


6.73 


5. 


HER2-3 40 o 


48.4 ± 1.4 


32.48 


6. 


HER2-3goO 


58.7 ♦ 1.3 


39.61 


7. 


BT-20 


1.6 ± 0.3 


<0.1 


8. 


MCF7 


2.5 + 0.3 


0.26 


9. 


HDA-KB-361 


26.8 ± 6.6 


10.65 


10. 


MDA-KB-175-VII 


31.2 ♦ 4.4 


0.9 


11. 


SK-BR-3 


56.4 1 5.5 


31.0 


12. 


MDA-KB-231 


64.2 ± 9.3 


<0.1 



* not Mtiur«d 

Percent viability la given at 1.0 x 10 4 cytotoxicity units per ml 
25 of TNF-a. Th* braaat tumor call Unas ware obtained from tha ATCC 

and maintained in DKiH supplaMntad with 10% fatal bovlna serum, 2 
mM glutamina, 100 U/ml penicillin and 100 /<g/ml etreptomycln. 

30 As shown in Fix. la and Tabla l v stepwise amplification of 

HER2 racaptor axprasslon rasultsd in a parallal induction of 
raalstanca to TNF-a. Tha primary tranafactanta (HER2-3), which do 
not hava a transformed phenotype, damonatratad littla increased 
resistance. However, the transformed linaa HKR2-3 2 00» HER2-34Q0 

35 and HER2-3gQ0 do show a stapwisa loss in sensitivity to TNF-a - 

mediated cytotoxicity as compared to NIH 3T3 nao/dhfr (Fig. la and 
Tabla 1), although ths KDA-KB- 175-VII calls hit al^tad pl85 
axprasslon compared to tha TNF-a sensitive BT20 and MCF7 cell 
Unas. In correlation with tha levels of pl85 expression (Table 

40 1), the difference in sensitivity of HER2-32Q0 HER2-340Q (27.5% 
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IS 



20 



25 



30 



v.. 48.4% viability « 1 » 10* D/ml TUT -a) i. g*..^ ^ ^ 
dlff.r.nc. b.tw..n HER2-3400 «nd HER2-3 800 (48.4% v.. 58 7% 
viability. .•. Fig. 1. ^ Tabl. 1). A >U1Ur r#ault ^ e5eAln . d 

Wh *° ™* 313 —/dhfr and HBU-3 800 vr. co^r.d for ..n-itivity 
to activated a-crophag.a (P lg. lb) . ^ ^ 

_ -plific.tion of th. «cpr...ion of HEK_2 indue.. r..i.tanc. to TNF- 
«. «nd .1.0 .bow that thi. corr.Lt.. with ra.l.tanca to an 
'.portant c<»poo. n t of th. ..rxy ho.t d.f.na. «ch*n,„. th. 
•cUv.t.d .aerophag.. A-pliflcation of th. control pWd (pCVN) 
in th. c.ll lln. KIM 3T3 r-o/dhfr^ did not indue. incr.aa.d 
r..i.tanc. to TKF-a (»u 1). Thi. d«otutr.t.. that naith.r g.n. 
tran.f. ct ion or 8#n . ^ufictlcn. p.r ... h« any . ff . ct on ^ 
••naitivity of c.ll. to TKF-o. 

Th. oba.rv.tion that *IH 3T3 c.ll lin.. .xpr...ing high l.v.1. 
of P185 «r. r..l.tant to cytotoxicity indued by THF-o or 
-crophag.. .ugg..t.d th . t ^ My ^ ^ u ^ 

t«-or davlop^t. To t..t thi. po.aibility .lx br^at tuaor c.11 
lln.- «r, .cr..n.d for ^lification of HER2 and ..naitivity to 
THF-«-.di.t.d cytotoxicity. Th. r.aulta (Tabl. 1) .Waon.tr. tad 
that ..naitlvity to grovth inhibition by TNF-a i. lnv , r .. ly 
corr.l.t.d with th. .xpr...io„ of HER2- ...eclat* tyro. in. kinM . 
-.-ur-d in v^ .utopho.phoryl.tion aa.ay for 8T-20. MCF7. KDA- 
HBOol and SK-BRO. Two of th. WF-.r.ai.tant br.aat tu~r c.ll 

lufi?" 10 * 175 * 711 ^ MDA " KB - 231) ' h ~~- ^ ~ <~n.tr.bl. 
-plifUd .xpr.a.ion HE&2 aa co^arod to th. HEE2-3 control 
<T«hl. 1). although th. MDA-KB-175-V1I c .il. had .l mud pl „ 
.xpr...ion c<*p.r.d to th. THF-o ..n.ltiv. BT20 .nd MCF7 c.ll 
Un... Th... r..ult. .r. con.iat.nt with pr.viou. r.port, of th. 
fr.ou.ncy of HE&2 -plification in priory br.aat t»or. and tu*o r . 
<Uriv.d c.ll li„... ^ <Utt .. t ^ #xUt#nc# of oth#r 

-chani.n. which .,y l.. d to thf.. ^.l^. 
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Exparlmants also sbovsd chat ovaraxpraasion of tha CCF 
r •emptor, and callular transformation by tha sre oncogana, 
corralatas with rsslstanca to THF-o. 

5 TWF-q fcacaotor Mndln f 

In ordar to lnvastlgata vhathar tha THF-a rscsptor was altarad 
in HE&2-3300, ** opposad to HIH 3T3 nao/dhfr, tha binding of 125 I- 
labalad THF-a vas coatparad batvaan thass call linas. Flgura 2 
shows a TNF-o racaptor binding analysis. Displacamant curvas show 

10 binding of 125 I -THF-a to HIH 3T3 nao/dhfr and fflO2-3 8 00- 

Competition binding assays vara performed. Briefly, a suspans ion 
of 2.0 x 10 6 calls vara incubatad in a final volume of 0.5 ml of 
RPHI-1640 medium containing 10% fatal bovine saruai. Binding of 
125 I -THF-o (0.2 x 10 6 cpai) to tha calls vas determined in tha 

15 presence or absanca of varying cone a ntr at ions of unlabalad THF-a at 

4*C undar saturation aquillbriusi conditions. Each data point 
raprassnts tha mean of tripllcata datarminations . Aftar incubation 
overnight, calls vara vaahad tvica vlth incubation buffar and call 
bound radioactivity vas datarminad. Hon- specific binding vaa <10% 

20 of total binding. 

Tha raaults shovad a 2-3 fold incraaaa in total apaclflc 
binding for HER2-3 S0 0 *• compered to KIH 3T3 nao/dhfr (Fig. 2)« In 
addition, tha displacamant curva for binding on HER2-3«,00 als 
25 shlftad toward lovar affinity binding as comparad to HIH 3T3 

nao/dhfr (Fig. 2). 

Production of Antl-HFR? Monoclone! Antlbodl«« 

Fiva famala Balb/c mica vara Immunized vith HER2 ampllfiad HIH 

30 3T3 transformed calls ovar a pariod of 22 vaaks. Tha first four 

injactiona aach had approximataly 10 7 calls/mousa. Thay vara 
administarsd intraparitonaally in half a millilitar of PBS on vaaks 
°» 2 . 5 f 7. InJ actions fiva and six vara vith a vhaat garm 
agglutinin partially purifiad mambrana praparation which had a 

35 who Is protain c ncantration f about 700 pg/ml. A 100 /il/injaction 
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vu administered to aach mouse intrspAri tone Ally on weeks 9 And 13. 
ThA Ust injection vu Also with ths purifUd material but was 
administered three <Uys pr«or to the dAto of fusion intravenously. 

5 Bleeds from ths micA wmrA tested at vmrloua times in a 

rediolsssunopreclpitation using whole c«ll lysstAS. ThA three micA 
with the highest Antibody titers were sacrificed And spleens wAre 
fused vith thA mourn* myeloma caII linA X63-Ag8.653 using thA 
generAl p roc a due a of MishAll & Shiigi, SiUctid Hethods ^ Cellular 
10 Immunology. V.H. Freeman a Co., Sin Frsncisco, p. 357-363 (1980) 

with the following exceptions. Cells wArA plAtsd At a density of 
Approximately 2 x 10 5 calla/wmll into ton 96 waII mlcrotlter 
pistes. Hybrid* were selected using hypoxanthinA-AXoserine rAther 
than hypoxanthina-AmiittptArn- thymidine (HAT) . 

15 

Hybridom* supernatAnts were tested for ptaaatvca of Antibodies 
specific for HER2 receptor by ELISA And rsdlol — precipitation. 

For thA ELISA, 3.5 pg/ml of the HER2 receptor ( pur if i Ad on thA 

20 whAAt germ Agglutinin column) in PBS was adsorbed to lmmulon II 

mlcrotlter plates c t might At 4*C or for 2 hours At room 
temperstur*. Plate* were then washed with phosphats buff a red 
saline with .05% Tveen 20 (PBS-TV20) to remove unbound antigen. 
RAmalning binding sl*-~s were then blocked with 200 pi pAr well of 

25 1% bovine eerum Albumin (BSA) in PBS -TWO and incubAtAd 1 hour At 

room temperature. Plats « were washed as above end 100 jil of 
hybrldoma supernatant was Added to each wall And IncubAted for 1 
hour At room temperature. Pistes were washed Again And 100 $il per 
well of An appropriate dilution of goat anti-mouss immunoglobulin 

30 coupled to horsersdish peroxidase was addsd. The plates were 

incubated again for 1 hour at room temperature and than washed as 
above. O-phenylene diamine was added as substrate , incubated f r 
15-20 minutes At room temper stur a And then the r Action was stopped 
with 2.5 M H2SO4. The absorbance of each well was then read at 492 

35 nm. 
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Por the radioimmunoprecipitation, first the wheat germ 
purified wo? receptor preparation vu autophoaphorylated in the 
following manner: a kinase solution with the following final 
5 concentrations was ud«: .18 mCi/ml 7 P 32 -ATP (Amersham) . .4mM 

- «6Cl2. .2*H MnCl 2 . 10>* ATP, 35 total protein concentrati n 

of partially purified P"? all diluted in 20mM Hepee, 0.1% triton 
10% glycerol buffar (HTC), This reaction was incubated for 30 
minutes at rooei temperature. 50 >*1 hybridoma supernatant was then 

10 added to 50 m1 of the kinase reaction and Incubated 1 hour at room 

temperature. 50 pi of goat anti-mouse IgC precoated protein-A 
sepharose CL4B, at a sepharose concentration of 80 mg/ml , was added 
to each sample and incubated 1 hour at room temperature. The 
resulting lmmunocomplexes were then waahed by centrifugatlon twice 

15 with HTC buffer and finally with .2% deoxycholate .2% Tween 20 in 

PES, in a microfuge and aspirated between washes . Reducing sample 
buffer was added to each eemple and samples were heated at 95* C for 
2*5 minutes, insoluble material was removed by centrifugatlon and 
the reduced Immunocomplex was loaded onto a 7.5% polyacrylamide gel 

20 containing SDS. The gel was run at 30 amp constant current and an 

autoradiograph was obtained from the finished gel. 

Approximately 5% of the total well supernatants reacted with 
the receptor in the ELISA and/or radio immunoprecipl tat ion. 

25 Prom this initial 5% (about 100), some hybrids produced low 

affinity antibodies and others suffered from instability and 
stopped secreting antibodies leaving a total of 10 high affinity 
stable specific antibody producing cell lines. These were 

expanded and cloned by limiting dilution (01, V.T. and Herzehberg, 

30 L.A. , -Immunoglobulin Producing Hybrid Cell Lines" in Selects^ 

Methods In Cellular I—unologv. p. 351-372 Mishell, B.B. and 
Shiigi, S.M. (eds.), W.H. Freeman and Co. (1980)). Large 
quantities of specific monoclonal antibodies were produced by 
injection of cloned hybridoma cells in prlstaned primed mice to 
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produce ascitic tuaors. Ascites were then collected and purified 
ovir a p rot* in -A sepharose column. 

Scrttnlni gf nntttrallif 

5 The 10 high affinity monoclonal Antibodies were then screened 

in a number of assay* for Anti - transformation or Antl-cuaor cell 
Activity. MonoclonAl Antibodies ware selected on tha das is of 
growth inhibiting Activity against the huaan tumor lino SX BR3 
which is dsrivAd from a brsAst tuaor And contAins An amplified HOL2 
10 gene And overexpresses the HER, 2 pl85 tyros ins kinase. The initial 

screen ussd conditioned medium (medium in which the cells were 
grown for ssvArsl dsys contAlning Any secreted products of the 
colls including antibodies produced by the colls) froa tho 
hybrldoaa coll linos. 

15 

SK BR3 colls woro plstod At 20,000 ca11s/35 mm dish. Elthsr 
condltlonod medium froa tho hybridoaa parent lino (producing 
ovArything but Antl-H£R2 monoclonal*) as a control, or tho anti- 
HER2 aonoclonals ware Addsd. After 6 days , tho total nuaber of SIC 

20 BR3 colls woro counted using An oloctronic Coultor coll counter. 

Colls woro grown in a 1*1 mixture of F-12 And DKEK supplemented 
with 10% fetal bovine serua, gluteal ne , And penicllllnstreptoaycln. 
Tho voluao per piste was 2 als/35aa dish. 0.2 als of myeloma 
conditioned medium was Added per 35am dish. E*ch control or Anti- 

25 HER2 MAb was Assayed in duplicate And the two counts averaged. 

Tho result of the survey is shown in Figure 3. Monoclonal 
Antibody 4D5 s. rkedly inhibited the growth of the breast tuaor line 
SK BR3. Other snti-HER2 antibodies inhibited growth to a 
30 significant but lesser extent (egs., KAbs 3E* and 3H4) . Still 

other antl-HER2 antibodies (not shown) did not inhibit growth. 

A repeat experiment using purified antibody rather than 
hybrldoaa conditioned medium confirmed the results of Figure 3. 
35 Figure 4 is s dose r sponse curve comparing the effect f an 
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irrelevant monoclonal antibody (anti-HBV) and monoclonal antibody 
405 (antl*HER2) on the growth of the St BR3 coll lino In 10% fatal 
bovine serum. 

5 P^l fl-ful^on of tftMPtog 

Tha SK BR3 calla vara pulaa labalad with lOOucl 35 S-t-thionlna 
for 12 hours In methionine -free medium. Than aithar an irralavant 
(antl-Hapatltla B aurfaca antigen) or anti-HER2 MAb (4D5) vaa addad 
to tha calla at 5 n$/ml. Aftar 11 hours, tha calla v*re lyaad and 
10 ufp9 pl$5 lmmunopraclpltataa and tha pro tains vara analyzed by a 

7.5% acrylamlda gal follovad by autoradiography. Tha SOS-PAGE gal 
of tha 35 S -methionine labalad HER2 p!85 frost SK E&3 calls 
demons era tad that tha HE&2 lava Is axa dovnregulated by MAb 405. 

15 Trt^f nt of ftroaat Tumor Calls with Monoclonal Antlbodlas and 

THF-q 

SK-BR-3 braaat tumor calla vara mm%6md at a dansity of 4 x 10* 
calla par vail In 96-vall microti tar platas and all ova d to adhara 
for 2 hour a. Tha calls vara than traatad vith dlffarant 

20 concantratlona of antl-HER2 monoclonal antibody (KAb) 405 r 

Irralavant lsotypa matched (anti-rHuIFH-7 MAb) at 0.05, 0.5 or 5.0 
pg/ml for 4 houra prior to tha addition of 100 , 1,000 or 10,000 
U/ml rHuTHF-o. Aftar a 72 hour incubation, tha call monolayers 
vara stainad vith crystal violat dya for da termination of ralatlva 

25 parcant viability (RPV) compared to control (untraatad) calla. 

Each traatmant group conslstad of 6 raplicatas. Tha results ara 
ahovn in Figur as 5 and 6. Thasa Figuras show that Incubation f 
calla over expressing HES2 racaptor vith antlbodlas diractad to tha 
extracellular domain of tha racaptor indue a sanaltlvlty to tha 

30 cytotoxic af facta of TNF-a. Equivalent traatmant of braaat tumor 

calls MDA-MB-175 VII gava similar rasults (saa Flgura 7). 
Traatmant of human fatal lung fibroblasts (VI -38) vith MAb rasultad 
in no grovth inhibition or induction of sensitivity to TNF-a as 
expected. 

35 
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Trast— nt of HIH 3T3 Calls Qvtrtxprtnlnf HER2 d185 with Monoclonal 

Antlfrrtlu mi IWF-o 

1TIH 3T3 HER2-3400 colls wora traatad with difforant 
concentrations of antl-HFJt2 MAbs as in tho abovo dascrlbod 
5 CTMCMQt of SK-BR3 calls. Tha result* for KAb 403 ara shown in 

Flgurs 6. Tha ra suits iiidlcata that colls othar than of '..jut 
tumor coll linos which ovsraxprass tho HER2 rocoptor ara growth 
inhlbltod by antibodias to tho HER2 rocoptor f and ssnsltlvity to 
THF-a is indue ad in tho prosonco of thoso antlbodios. 

10 

In Vivo Trcataant of RIB 3T3 Colls Ova raxnra sains HER2 vith Anti- 
HER? Trft?A Monoclonal Antlbodiss 

KIH 3T3 colls trsnsfoctod with olthor a HEJL2 axprasaion 
plasmid (IMU 3T34O0> or nao-DHFR voctor wars lnjoctod Into 

15 nu/nu (a thymic) mica subcutanaoualy ot a doso of 10* colls in 0.1 

ml of phosphato-bufforod so lino. On days 0, 1, 5 and ovary 4 days 
thoroaftor, 100 MS (0.1 ml in PES) of olthor an Irrolovant or anti- 
HER2 monoclonal antibody of tho IgC2A subclass was lnjoctod 
Intraporltonoally. Tiasor occurronco and slzs woro mo ni to rod for 

20 tho 1 month porlod of troatmont. 



Tablo 2 



25 


Crguc f C«ll Lint 


TruTissint 


♦ Tumors/ 


Tumor Six a 
of Survivors 
Lang th x Vidtl 
Avsraga in mm 
at 31 Dsv* 


30 


1 


HER2 (3T3400) 


Irrolovant KAb 
(antl-Hopatltis 
B Virus) 


6/6 


401 


35 


2 


HER2 (3T3400) 


2H11 anti-HER2 


2/6 


139 


3 


HER2 (3T3 40 o) 


3EB antl-H£R2 


0/6 


0 




4 


noo/DHFR 


Nona 


0/6 


0 



40 



wo at/NtH 



PCT/USW/OO 



.36- 

Tabia 2 mhon that tha 2H11 MAb hu mm anti-t»or activity (MAb 
2H11 has vary «li«ht grovth inhibiting propartias whan scrsanad 
^imt cwor lina SK ML3) cod ths 3EB MAb givaa 100% tumor growth 
inhibition during tha court* of tha axparlaant. 

3 

tfhils tha invantion has baan dascribsd in what ia cons ids rad 
to ba ita prafarrad aabodlKnts, it ia not to ba limitad to tha 
diacloaad aabodiMnta, but on tha contrary, ia intar A +& to covar 
various Modifications and aquivalants includad within ~ba spirit 
10 and scopa of tha appandad claUa, which scops is to ba accordad tha 

broadaat intarpratatlon so ai to ancoapass all such ■edification* 
and aquivalants. 
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I. A monoclonal Antibody specifically binding the extracellular 
domain of the HEK2 receptor. 

5 2. A monoclonal antibody as in claim 1 .which is capable f 

inhibiting the HER2 receptor function. 

3. A Monoclonal antibody as in claim 1 which is capable of 

fnhibiting serua activation of HER2 receptor function. 

10 

4. A monoclonal antibody as in claim 1 which is a murine 
monoclonal antibody. 

5. A monoclonal antibody as in claim 1 which is a murine -human 
15 hybrid antibody. 

6. A monoclonal antibody as in claim 1 wherein said antibody 
specifically blocks the llgand binding site of the BESL2 receptor. 

20 7. A monoclonal antibody as in claim 1 which down regulates the 

HER2 receptor. 

8. A monoclonal antibody as in claim 1 wherein said antibody is 
capable of active ting complement. 

25 

9. A monoclonal antibody as in claim 1, wherein said antibody is 
capable of mediating antibody dependent cellular cytotoxicity. 

10. An immune toxin which is a conjugate of a cytotoxic moiety and 
30 the antibody of claim 1. 

II. A hybrldoma producing the monoclonal antibody of claim 1. 
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12. An assay for detecting a tumor comprising the stops of: 

exposing colls to sntlbodios specifically binding tho 
extracellular domain of tho HER2 roc op tor, and 

determining tho extent of binding of ssid anybodies to 
5 sold colls. 

13. An assay as in claim 12 vhoroin sold sntlbodios are monoclonal 
sntlbodios . 

10 14, An assay as in claim 12 vhoroin tho assay is an ELXSA assay. 

15. An asssy as in clala 12 vhoroin said colls remain vithin tho 
body of a uaul t said antlbodios aro taggod vith a radioactlvo 
lsotopo and administered to tho mammal, and tho extent of binding 

15 of said sntlbodios to said colls is obsorvod by oxtornal scanning 

for radioactivity. 

16. A aothod of inhibiting tho growth of tuaor colls comprising: 

adalnt storing to a patlont a thorapoutlcally offoctlvo 
20 amount of antlbodios capablo of inhibiting tho HER2 rocoptor 

function. 

17. A aothod as in claim 16 vhoroin said antlbodios spoclflcally 
blocks tho llgand binding sits of tho HER2 rocoptor. 

25 

IS. A aothod as in claim 16 vhoroin ssid antlbodios aro conjugated 
to a cytotoxic aoloty. 

19. A aothod as in claim 16 vhoroin said antlbodios aro capablo of 
30 activating complomont. 

20. A aothod as in claim 16 vhoroin ssid antlbodios aro capablo of 
mediating antibody dependent cellular cyt toxicity. 
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21. A method as in claim 16 wfaarein said antibodies are monoclonal 
antibodies. 

2: . A method as in claim 16 wherein the tumor cells comprise a 
5 carcinoma selected froa human breast, renal, gastric and salivary 

gland carcinoses, or other tumor cell types express in* the HER2 
receptor. 

23. A Mthod or treating tumor cells comprising the step» of 

10 administering to a patient a therapeutically effective 

amount of antibodies capable of inhibiting grovth factor receptor 
function; and 

administering to a patient a therapeutically effective 
amount of a cytotoxic factor. 

15 

24. A method as in claim 23 wherein said cytotoxic factor is 
selected from the group consisting of THF-a, THF-0, IL-1, IFN-7 and 
IL-2! 

20 25. A method as in claim 23 wherein said cytotoxic factor is TNF-o 

26. A method as in claim 23 wherein said antibodies Interrupt an 
autocrine grovth cycle. 

25 27. A method as in claim 23 wherein said antibodies specifically 

bind a grovth factor receptor. 

28. A method as in claim 27 wherein the grovth factor receptor is 
selected from the group consisting of the EC? receptor and the HER2 
30 receptor. 



29. A method as in claim 23 wherein said antibodies specifically 
bind a grovth factor. 




•a 
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30. A Mthod as In claim 29 vharaln said growth factor Is aalactad 
from tha group consisting of ECF, TCF-o and TCF-£. 

31. A Mthod as In claim 23 vharaln said antlbodiaa ara monoclonal 
5 antlbodlas. 

32. A Mthod as In claim 23 vharaln said sntlbodlas ara conjugated 
to a cytotoxic mo i sty. 

10 33. A Mthod as In claim 23 vharaln said antlbodlas are capable of 

activating coaplaasnt. 

34. A Mthod as In clala 23 vharaln said antlbodlas ara capabla of 
Mdlatlng antibody dependent callular cytotoxicity. 

15 

35. A Mthod as In clala 23 vharaln tha tumor calls comprise a 
carcinoma selected from human breast, renal, gastric and salivary 
gland carcinomas. 

20 36. An assay for racaptors and othar pro tains having Incraasad 

tyros ina kinase activity comprising tha stops of: 

(a) axposlng calls suspactad to ba TNF-a ssnsltlva to THF-o; 

(b) Isolating thosa calls which ara TNF-a rasistant; 

(c) scrsaning tha lsolatad calls for Incraasad tyros Ina kinass 
25 activity; and 

(d) isolating racaptors and othar protalns having incraasad 
tyro ■ Ina kinass activity. 

37. A composition suitable for administration to a patlant having 
30 a growth factor racaptor dapandant tumor comprising (a) antlbodlas 

capsble of inhibiting growth factor racaptor function, and (b) a 
cytotoxic factor. 
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3S. A composition a* In clala 37 vhoraln tha cytotoxic factor Is 
salactsd fros tha group consisting of THF-a, TBT-fi, IL-1, IFH-7 end 

IL-2. 

5 39, An t —11 i n ►toxin ss in Claim 10 vhsrsln th* cytotoxic nolaty Is 

rlcln A chain. 
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